heumatoid arthritis is a chronic disease that leads to inflammation and progressive joint damage. 1 Current therapies target the inflammatory consequences of autoimmune activation with the use of diseasemodifying antirheumatic drugs (DMARDs) such as methotrexate and biologic DMARDs, which inhibit inflammatory cytokines such as tumor necrosis factor a (TNF-a ). 2 Despite the efficacy of agents such as TNF-a inhibitors, a substantial proportion of patients have no response, [3] [4] [5] have an unsustained response, 6 or form antibodies against the drugs. 7 There are currently no clinically proven treatment options for patients with an inadequate response to anti-TNF-a therapy.
Abatacept is the first in a new class of agents for the treatment of rheumatoid arthritis that selectively modulate the CD80 or CD86-CD28 costimulatory signal required for full T-cell activation. 8, 9 CD80 or CD86 on the surface of an antigen-presenting cell binds to CD28 on the T cell, facilitating T-cell activation. In the normal sequence of events, the naturally occurring inhibitory molecule cytotoxic T-lymphocyte antigen 4 (CTLA4) is induced on the surface of the T cell. CTLA4 has a markedly greater affinity for CD80 or CD86 than does CD28, thus outcompeting CD28 for CD80 or CD86 binding. 10 Abatacept is a recombinant fusion protein comprising the extracellular domain of human CTLA4 and a fragment of the Fc domain of human IgG1, 11 which has been modified to prevent complement fixation. Abatacept, like CTLA4, competes with CD28 for CD80 and CD86 binding and thereby can be used to selectively modulate T-cell activation. 9 The efficacy of abatacept has been reported in two phase 2 studies. 8, 12 In patients with active rheumatoid arthritis and an inadequate response to methotrexate, abatacept in combination with methotrexate led to significant improvements in signs and symptoms, physical function, and the quality of life over a period of 12 months. 12, 13 Given the novel mechanism of action of abatacept and the recognized role of T cells in rheumatoid arthritis, selective modulation of costimulation represents a rational therapeutic approach in patients with an inadequate response to anti-TNF-a therapy. We therefore initiated the Abatacept Trial in Treatment of Anti-TNF Inadequate Responders (ATTAIN), a six-month, randomized, double-blind, placebocontrolled study, to assess the efficacy and safety of abatacept in patients with active rheumatoid arthritis and an inadequate response to anti-TNF-a therapy who were receiving background DMARDs.
patients
Eligible patients met the American College of Rheumatology (ACR) criteria for rheumatoid arthritis, were at least 18 years of age, had had rheumatoid arthritis for at least one year, 14 and had an inadequate response to anti-TNF-a therapy with etanercept, infliximab, or both at the approved dose after at least three months of treatment. This study was initiated before the use of adalimumab became widespread. Patients who had adverse events while receiving anti-TNF-a therapy but who discontinued treatment primarily because of a lack of efficacy were also eligible.
Two groups of patients were enrolled: those receiving anti-TNF-a therapy at the time of screening (current users) and those who had previously received such therapy (former users). All users were required to stop taking etanercept or infliximab for at least 28 or 60 days, respectively, before undergoing randomization.
At randomization, patients had to have at least 10 swollen joints, at least 12 tender joints, and C-reactive protein levels of at least 1 mg per deciliter (upper limit of the normal range, 0.5). Patients had to have been taking an oral DMARD or anakinra for at least 3 months, and the dose had to have been stable for at least 28 days. Use of oral corticosteroids (no more than 10 mg of prednisone or its equivalent per day) was allowed if the dose had been stable for at least 28 days. Changes in the doses of background DMARDs were not permitted except to avoid adverse effects.
study protocol
Patients were randomly assigned in a 2:1 ratio to receive abatacept or placebo and were stratified according to the use of anti-TNF-a therapy at the time of enrollment (former vs. current use). To ensure balanced treatment-group assignments, no more than two thirds of randomized patients were permitted to be either current or former anti-TNF-a users. There was a central randomization system, and the randomization schedule was generated by the drug-management group within Bristol-Myers Squibb. A total of 89 sites participated, and a median of 3 patients were enrolled per site (range, 1 to 16); there was no stratification according to site. Patients received a fixed dose of abatacept, approximating 10 mg per kilogram of body weight, or placebo; patients weighing less than 60 kg received 500 mg of abatacept, those weighing 60 to 100 kg received 750 mg, and those weighing more than 100 kg received 1000 mg. Study medication was administered in a 30-minute intravenous infusion on days 1, 15, and 29 and every 28 days thereafter, up to and including day 141. The drug was prepared by pharmacists or other qualified personnel who had no interaction with the patients. Medication was administered intravenously in a blinded fashion by qualified personnel. All clinical assessments of response were performed in a blinded fashion by the same trained assessors throughout the study.
This study was approved by the institutional review boards and independent ethics committees at participating sites and was carried out in accordance with the ethics principles of the Declaration of Helsinki. All patients provided written informed consent before randomization. The academic authors had full access to the data and certify the veracity and completeness of the data and the data analysis.
measures of clinical efficacy
There were two primary end points: the proportion of patients with an ACR 20 response and the proportion of patients with an improvement of at least 0.3 from baseline in the Health Assessment Questionnaire (HAQ) disability index (exceeding the minimal clinically important change of 0.22 15 ) at six months. An ACR 20 response indicates a decrease of at least 20 percent in the number of both tender and swollen joints (68 joints were assessed for tenderness, and 66 joints were assessed for swelling) as well as a 20 percent improvement in at least three of the following: the patient's global assessment of disease activity; the patient's assessment of pain; physical function, as assessed by the HAQ disability index; the physician's global assessment of disease activity; and the C-reactive protein level. 16 Secondary objectives included a 50 percent and 70 percent improvement in the ACR response (ACR 50 and ACR 70, respectively) at six months. Changes in disease activity were assessed with the use of the Disease Activity Score 28 (DAS28). 17, 18 Clinical remission was defined by a DAS28 of less than 2.6, 19 and a low level of disease activity was defined by a DAS28 of 3.2 or less. 20 The mean improvement in physical function at six months was based on the change from baseline in the HAQ disability index. Changes from baseline in the health-related quality of life were assessed by the Medical Outcomes Study 36-Item Short-Form General Health Survey (SF-36) 21 at six months. The SF-36 consists of 36 items, 35 of which are aggregated to evaluate eight dimensions of health: physical function, pain, general and mental health, vitality, social function, and physical and emotional health. Scores on the eight subscales were aggregated to derive the physical-component summary score and the mental-component summary score. Scores on each subscale can range from 0 to 10, and the summary scores can range from 0 to 100, with higher scores indicating better health.
safety assessments
Patients were monitored for adverse events, serious adverse events, and clinically significant changes in vital signs and laboratory tests. Both the severity of adverse events and their relation to the study treatment were noted by the investigator.
immunogenicity testing
The immunogenicity of abatacept was assessed with the use of two validated, direct-format enzymelinked immunosorbent assays. One assay measured the response to the whole molecule (anti-abatacept assay), whereas the second assay measured the response to the CTLA4 portion alone. Samples were obtained at baseline (day 1); days 29, 85, and 169; and 85 days after the last dose of abatacept.
statistical analysis
All efficacy analyses included all randomized patients who received at least one dose of study medication. The statistical power of the study with respect to the two primary end points of the ACR 20 response and the HAQ response was 96 percent and 87 percent, respectively, at a two-sided alpha level of 5 percent, to detect absolute differences of 20 percent and 18 percent, respectively. No interim analyses were planned or conducted. For the primary analyses of the ACR 20 and HAQ responses, the proportion of patients who had a response at six months was summarized according to the treatment group. A two-sided Cochran-MantelHaenszel chi-square test (with stratification according to baseline anti-TNF-a use [current or former]) was used to compare response rates in the abatacept group with those in the placebo group at the 0. level of significance. For the analyses of ACR 20 and HAQ responses, all patients who discontinued treatment were subsequently considered not to have had a response. The primary and the multiple secondary end points were tested in a prespecified sequence after the use of a closed testing procedure, thus controlling the overall type I error rate at the 0.05 level. All reported P values are two-sided. Mean changes from baseline in the DAS28, HAQ disability index, and the scores for the eight individual subscales as well as the physical-and mental-component summary scores of the SF-36 were compared between treatment groups with the use of analysis of covariance after adjustment for the baseline assessments. For patients who discontinued treatment, the last observation was carried forward in subsequent analyses. * Plus-minus values are means ±SD. NSAIDs denotes nonsteroidal antiinflammatory drugs, and DAS28 Disease Activity Score 28. † Race was self-reported. ‡ Current users were those receiving anti-TNF-a therapy at enrollment; former users were those who had discontinued etanercept or infliximab at least 28 or 60 days, respectively, before enrollment. § The doses are based on all patients who received maintenance corticosteroids. On day 169, the median dose of prednisone remained 5 mg per day in both groups. ¶ A total of 68 joints were assessed for tenderness and 66 were assessed for swelling. ¿ A 100-mm visual-analogue scale was used, in which higher values indicated more severe pain or abnormalities. **Scores for the Stanford Health Assessment Questionnaire (HAQ) can range from 0 to 3, with higher scores indicating greater disease activity. placebo (Fig. 1) . A total of 322 patients completed 24 weeks of therapy: 223 (86.4 percent) in the abatacept group and 99 (74.4 percent) in the placebo group. Lack of efficacy (based on the discretion of the patient and the investigator) was the main reason for discontinuation in both groups (5.4 and 20.3 percent, respectively) (Fig. 1) .
baseline demographic and clinical characteristics
Baseline demographic and clinical characteristics were similar in the two groups (Table 1) . Patients had active disease at baseline as evidenced by high mean counts of tender and swollen joints, scores for the HAQ disability index, C-reactive protein levels, and the DAS28 ( Table 1 ). The percentages of current and former anti-TNF-a users were similar in the abatacept and placebo groups (38.0 percent and 41.4 percent, respectively; and 62.0 percent and 58.6 percent, respectively).
clinical efficacy

Improvement in the Signs and Symptoms
At six months, the rate of ACR 20 responses was significantly higher in the abatacept group than in the placebo group (50.4 percent vs. 19.5 percent, P<0.001) (Fig. 2A) . The rates of responses in the abatacept group were significantly higher than those in the placebo group from day 15 onward and progressively increased during the six-month study period (Fig. 2B) . The rates of ACR 50 and ACR 70 responses were also significantly higher in the abatacept group than in the placebo group at six months (rate of ACR 50 response, 20.3 percent vs. 3.8 percent, P<0.001; rate of ACR 70 response, 10.2 percent vs. 1.5 percent, P=0.003) ( Fig. 2A) . The new england journal of medicine
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Among both current and former users of anti-TNF-a therapy, the rates of ACR 20 responses were significantly higher in the abatacept group than in the placebo group (P<0.001 for both comparisons). Current users of anti-TNF-a agents had such therapy withdrawn before undergoing randomization. We assessed the changes in C-reactive protein levels and in the numbers of swollen and tender joints in current and former anti-TNF-a users in the placebo group during the study. We found no significant increase in the number of swollen joints (mean joint count, 20 at screening, 21 at randomization, and 17 on day 29 after randomization), tender joints (mean joint count, 29 at screening, 30 at randomization, and 27 on day 29 after randomization), or C-reactive protein levels (data not shown) during the washout period or subsequently.
Rates of remission (as defined by a DAS28 of less than 2.6) at six months were also significantly higher in the abatacept group than in the placebo group (10.0 percent vs. 0.8 percent, P<0.001) (Fig.  2C) . Furthermore, 17.1 percent of patients in the abatacept group had a low level of disease activity at six months (as defined by a DAS28 of 3.2 or less), as compared with 3.1 percent of patients in the placebo group (P<0.001).
Improvement in Physical Function
At six months, significantly more patients in the abatacept group than in the placebo group had a clinically meaningful improvement in physical function (defined by an improvement in the HAQ disability index of at least 0.3 from baseline) (47.3 percent vs. 23.3 percent, P<0.001) (Fig. 3A) . Significant improvements were achieved by the time of the first measurement on day 15 in the abatacept group, as compared with the placebo group (data not shown). At six months, the abatacept group also had greater mean improvements from baseline in the HAQ disability index (0.45 vs. 0.11, P<0.001).
Improvement in Health-Related Quality of Life
As compared with the placebo group, the abatacept group had significantly greater improvements from baseline in scores for all eight physical and mental subscales of the SF-36 (Fig. 3B) . The improvements in scores for all subscales were considered clinically meaningful (as reflected by an increase of at least 3 points). 22 As compared with the placebo group, the abatacept group also had significant improvements in the physical-component and mental-component summary scores (P<0.001 and P<0.01, respectively) (Fig. 3B ).
safety
The rates of discontinuation because of adverse events and serious adverse events were low and similar in the abatacept and placebo groups (3.5 percent and 3.8 percent, respectively; and 2.7 percent and 1.5 percent, respectively) ( Table 2 ). The rates of adverse events and serious adverse events were also similar in the abatacept and placebo groups (79.5 percent and 71.4 percent, respectively; and 10.5 percent and 11.3 percent, respectively) ( Table 2 ). The incidence of serious infections ( Table 2 ) was 2.3 percent in both groups, and no unusual or opportunistic infections were seen.
Infections were more frequent in the abatacept group than in the placebo group (37.6 percent vs. 32.3 percent, P=0.30), with nasopharyngitis, sinusitis, upper respiratory tract infection, and bronchitis being reported most frequently. Most infections were mild to moderate in intensity. The rates of discontinuation due to infection were 0.8 percent in the abatacept group and 1.5 percent in the placebo group (P=0.61). One patient treated with abatacept died of a myocardial infarction and congestive heart failure. This event was not considered by the investigator to be related to the study drug.
Abatacept treatment did not increase the risk of inducing antinuclear antibodies or anti-doublestranded DNA antibodies. A total of 7.5 percent of patients in the abatacept group and 11.3 percent of patients in the placebo group were negative for antinuclear antibodies at baseline and became positive during the study. The respective values for antidouble-stranded DNA antibodies were 1.7 percent and 9.4 percent.
Acute infusion reactions were more frequent in the abatacept group than in the placebo group (5.0 percent vs. 3.0 percent, P=0.35), with dizziness (1.6 percent vs. 0 percent, P=0.30) and headache (1.2 percent vs. 0.8 percent, P=1.0) being the most commonly reported events. Infusion reactions were usually mild or moderate in intensity. There were no severe or very severe acute infusion reactions in either group. were against the CTLA4-binding portion of the molecule. All of these responses showed low-level reactivity.
The treatment of rheumatoid arthritis has improved in the past decade, owing in part to the more aggressive use of DMARDs and the introduction of TNF-a inhibitors. Despite these improvements, unmet needs remain, especially for patients who have not had an adequate response to TNF-a inhibition.
We evaluated the efficacy and safety of abatacept in patients with active rheumatoid arthritis who had an inadequate clinical response to anti-TNF-a therapy. These patients had long-standing disease, evidence of clinically significant disease activity, and moderate-to-severe disability. We found clinically meaningful and statistically significant improvements in this refractory population. At six months, all primary and secondary outcomes were improved in the abatacept group as compared with the placebo group. Clinical improvements in ACR 20 and HAQ responses were seen at day 15, and the rates increased over the six-month study period. In addition, the efficacy of abatacept was similar regardless of whether patients were receiving anti-TNF-a therapy at the time of screening or had a history of such therapy. Abatacept therapy also induced significant improvements in physical function and scores for all eight subscales of the SF-36.
The incidence of infection was slightly higher in the abatacept group than in the placebo group, but no specific infection was clearly more frequent, and the intensity of infections appeared similar in the two groups. There were no significant differences in the proportions of patients discontinuing treatment as a result of infection or in the incidence of serious infections. There was a low incidence of serious infusion reactions, and abatacept treatment did not appear to increase the incidence of autoimmunity.
Approximately one third of current users of anti-TNF-a therapy (etanercept or infliximab) had a washout period before undergoing randomization. This could have invoked an artificial flare or worsening of disease. However, there was no evidence of such a flare in patients who had a washout period and were randomly assigned to placebo, indicating that these patients were not benefiting from TNF-a inhibition and that the significant improvement observed after randomization to abatacept reflected treatment of active baseline disease.
Abatacept belongs to a new class of selective costimulation modulators. The efficacy of this agent may in part be explained by its novel mechanism of action at the level of the T cell. By modulating events upstream of T-cell activation, abatacept has the * One patient died of myocardial infarction and congestive heart failure, an event considered by the investigator to be unrelated to the study drug (this patient had previously discontinued the study to undergo coronary-artery bypass surgery and valve replacement). † One patient in the abatacept group and two patients in the placebo group had two serious infections. ‡ Events were defined as any new or worsening illness, sign, symptom, or clinically significant abnormality in a laboratory test noted by the investigator during the course of the study, regardless of the cause. § The most frequent adverse events were those occurring in at least 5 percent of patients in either group, including the related and unrelated events (but not rheumatoid arthritis). potential to affect multiple downstream pathways. 23 Our data suggest that, in addition to playing a key role in the activation of naive T cells that orchestrate early disease, 1 costimulation continues to play a role in the pathogenesis of established, long-standing disease.
Our results provide evidence that abatacept is clinically efficacious and has an acceptable safety profile in patients with rheumatoid arthritis and an inadequate response to anti-TNF-a therapy. Abatacept may thus represent a potential new treatment for patients with rheumatoid arthritis, including those who have had an inadequate response to anti-TNF-a therapy.
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